T he conventional linear model of cancer progression states that the cells of a developing tumour gradually pick up genetic mutations, with cells that accumulate optimal variants eventually acquiring the ability to migrate to and colonize other tissues in the body as metastases. This theory has a huge influence on current views of personalized medicine -for evidence, look no further than the US Cancer Moonshot initiative 1 , which recommends extensive sequencing of primary tumours to predict and understand treatment resistance. This represents a reasonable approach only if the disseminated cancer cells (DCCs) that form metastases are derived from cells that populate the primary tumour around the time of its detection. But several lines of evidence [2] [3] [4] [5] [6] [7] [8] [9] indicate that tumour cells can leave the primary site very early during tumour progression and evolve independently at the metastatic site. Online in Nature, two papers 10, 11 shed light on the mechanisms of early dissemination for the first time. Strikingly, they offer the first evidence that these early DCCs are more metastasis-competent than cells that leave the tumour at later stages.
The first compelling data to call the linearprogression model into question came from studies of human breast cancer. Genetic analysis of primary breast tumours and corresponding DCCs showed that, at the time of tumour detection, DCCs had fewer genetic alterations than primary cells, implying that DCCs seed the bone marrow early in disease progression, and evolve separately 2 . This theory of parallel progression 5 was supported by the revelation that 20-30% of patients classified as having 'non-invasive' breast cancer have DCCs in their bone marrow 7, 9 . Because up to 8% of 'noninvasive' breast cancers recur at distant sites 12 , it was assumed that at least some of these early DCCs had metastasis-initiating potential.
Animal models of breast cancer cast further doubt on the linearity of metastasis. In a mouse model in which breast cancer is driven by overexpression of the gene Her2, DCCs were detectable in the bone marrow by four weeks of age -just after Her2 expression begins 4 are not yet palpable. Their analysis suggested that the hormone progesterone drives dissemination from these microscopic early tumours. The authors showed that progesterone triggers secretion of the proteins WNT4 and RANKL from cells expressing the progesterone receptor (PGR), and that these signals imbue epithelial cells that do not express PGR with increased migratory potential (Fig. 1a) .
The effect of progesterone becomes less apparent as tumour development progresses. The authors found that both higher cellular density and the increased HER2 protein levels driven by this change induce expression of microRNA molecules that inhibit the gene encoding PGR. In effect, a dissemination-toproliferation switch occurs when a developing tumour region becomes crowded enough.
Harper et al. 11 (page 588) identified an invasive cell population in microscopic 11 report that increases in the WNT signalling pathway lead to inhibition of the protein p38 and transition of early-tumour cells to an invasive DCC state. c, Cells from late-stage tumours also migrate to the bone marrow. Both studies provide evidence that cells that disseminate later in primary-tumour progression form metastases in the bone marrow less efficiently than early DCCs, implying that early DCCs might be a source of metastases.
tumours that is characterized by Her2-driven expression of WNT proteins. WNTs counteract the activity of the enzyme p38, which is typically expressed by non-proliferative (dormant) DCCs 13 . Downregulation of p38 leads to a decrease in the epithelial cell-cell junction molecule E-cadherin and to upregulation of several other genes involved in epithelial-tomesenchymal transition -a change in cell state that facilitates invasion of mammary cells into the bloodstream, and ultimately into other tissues as early DCCs (Fig. 1b) . Inhibition of p38 signi ficantly increases the number of circulating tumour cells, as well as the number of DCCs in both the lung and bone marrow, confirming this protein's role in dissemination.
The authors found that DCCs regain some of their epithelial characteristics when they reach the lung and bone marrow. However, it is not clear whether dormancy-associated p38 signalling is restored when the cells enter these sites. Nor is it known whether these early DCCs are less responsive to quiescence-inducing cues from their new micro environments 14 than cells that leave the primary tumour at later stages.
Are early DCCs less likely to become -or to stay -dormant when they reach distant sites? Perhaps so. Adopting different experimental strategies, both groups demonstrated that early DCCs are inferior to late DCCs in their ability to form primary tumours if implanted in another mammary gland. However, early DCCs are substantially more metastasis-competent, forming metastases faster and more prolifically than their later counterparts (Fig. 1c) .
The molecular mechanisms that drive dissemination from early mammary lesions identified in these studies might not apply across all subtypes of breast cancer or to other cancers. Nonetheless, the findings provide a general framework within which to study causality between early DCCs and metastasis -particularly for cancers in which early dissemination is a documented phenomenon, such as skin 6 and pancreatic 8 cancers. These studies have major implications with regard to preventive therapies. First, given the microscopic stage of primary tumour formation at which dissemination of metastasiscompetent cells occurs, developing means for early tumour detection may not be sufficient to prevent metastatic disease. And, because cells have probably disseminated by the time a primary tumour is detected, targeting the mechanisms of early dissemination identified in these studies may not be a viable therapeutic strategy either. Thus, we should aim to target the characteristic properties of early DCCs -their long-term survival and therapeutic resistance 14 . As Hosseini et al. confirmed from their analysis of human tissue samples, early DCCs differ substantially from the primary tumour at the molecular level. Thus, to learn about early DCCs, we must increase the frequency with which DCCs are isolated from humans, profiled, and studied functionally in appropriate animal and culture models. This will aid the identification of elusive molecular targets for precision metastasis-prevention therapies based on demonstrable steps in cancer progression, instead of on an assumption of linearity. ■ Cyrus M. Ghajar report their use of self-assembly to prepare the largest known, artificially synthesized cagetype object that has a precise atomic composition -an almost spherical shell that assembles from 144 components.
Construction in the macroscopic world is usually associated with building sites, where many builders simultaneously assemble bricks to give shape to an architect's design. But although synthetic chemists can be thought of as molecular architects 2 , construction of molecules at the nanometre scale works quite differently. Conventional synthetic protocols allow target compounds to be constructed only through a linear sequence of steps, and the intermediates formed after each step must be purified in a time-consuming and yieldreducing way. This limits both the size and complexity of target molecules, so that the most complicated structures synthesized so far consist of no more than several hundred atoms and are only a few nanometres in length (see ref. 3, for example).
Chemists have therefore used self-assembly extensively to make molecular superstructures on different length scales and of diverse shapes and structures. In particular, metallosupramolecular chemistry involves the self-assembly of bifunctional organic ligands such as bipyridyl molecules (which possess two binding sites for metal ions) with ions of metals such as palladium (Pd 2+ ). The structures that emerge can be polyhedra, in which the metal ions act as vertices that are connected by edges formed by the organic ligands.
If individual ligands in these compounds can be exchanged easily for other ligands, then the resulting systems can rapidly adjust and rearrange in solution to reach the energetically most stable structure as the sole or major product. Under such dynamic conditions, the structure and topology of the final assembly are mainly governed by three factors: the preferential formation of closed-shell structures that maximize the number of metal-occupied binding sites 4 , rather than polymeric products; the second law of thermodynamics, which maximizes entropy by favouring the formation of many small cages at the expense of larger
